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DESCRIPTION OF 
NAYLOR'S DOUBLE-ACTING STEAM HAMMER. 

The extraordinary development and improvements that .have taken 
place within the last ten years in the manufacture of large masses of 
wrought iron may be attributed in a great measure to the application of 
the Steam Hammer, the original invention of Mr. Nasmyth and subsequently 
modified by Condie and Morrison. Steam hammers that have hitherto 
been constructed involve the same general principIe of being lifted by steam 
and falling by gravity, the effect of the blow being dependent on the 
weight of the hammer, multiplied by the height of its fall. The greater 
the distance it falls and consequently the greater the force of the blow, 
the slower is the speed of working. The great practical drawback to 
the more extended application of steam hammers has been the impossibility 
of obtaining suflicient speed or quickness of stroke, as an ordinary 25 cwt. 
hammer is not capable of being worked at a greater speed than 60 strokes 
per minute with the self-acting gearing. 

This serious difficulty has been overcome in the 25 cwt. double-acting 
steam hammer invented by Mr. William Naylor of Norwich, forming 
the subject of the present paper. I t  is the largest hitherto made on this 
principle, and has been constructed by Mr, Eastwood of Derby. 

One great advantage that is derived from the application of this 
hammer consists in its being capable of working up to  200 strokes per 
minute,-which is from 3 to 4 times faster than any steam hammer that bas 
hitherto been constructed. The velocity that has been obtained from the new 
25 cwt, hammer is considerably greater than is required in  practice, for 
experience has proved that a speed of 120 strokes per minute is as great 
as can be applied to enable the forgeman to preserve the form of bar that 
is being drawn under the hammer ; but this velocity is necessary in the 
ordinary manufacture of iron, and a higher speed may be applied With 
still greater advantage to  lighter hammers of 8 or 10 cwt. The new 
hammer does not depend only upon the distance it falls for the effect 
of the blow, being either single or double-acting : that is, single-acting 
by being merely lifted by steam and falling by its own gravity ; or double- 
acting by being capable of having any amount of steam admitted upon 
the upper side of' the piston, at a pressure varying from that of the 
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atmosphere to the full pressure of steam in the boiler. It can also be 
made to work horizontally with great rapidity, when gravity gives no aid, 
and be used in that manner as a rivetting machine ; or it can be used in 
direct opposition to gravity, as in rivetting upwards. The momentum of 
the hammer gives the effect of the blow, and it matters but little in what 
direction the hammer is moving, so that it moves fast enough. 

If a steam hammer were constructed with a stroke of 1 6  feet and made 
to  fall freely through that space, it would take one second of time in falling, 
and the hammer would have acquired a velocity of 32 feet per second when 
it came in contact with the anvil. Now if this hammer were projected 
upwards with a velocity of 32 feet per second, it would take one second in 
being lifted 1 6  feet, and only 30 blows per minute could be obtained. 
Similarly, there would be 120 blows per minute if the distance of fall were 
but 1 foot ; but then the final velocity of the hammer would be only 8 feet 
per second at the end of its fall or when the blow was given. Now if the 
hammer were projected upwards with a force sufficient to carry it 16 feet, 
but when it had gone 1 foot it were met by an elastic force powerful enough to 
stop it and drive it back again, it would return with a velocity equal to what 
it would have acquired in a fall of 16 feet. Then taking the difference in 
time between a fall of 1 5  feet and a fall of 3 6 feet as the actual time of the 
fall of the hammer, there would be obtained 937 blows per minute of the 
same force as would have been given by a fall of 1 6  feet, instead of the 
30 blows per minute obtained by the action of gravity alone with that fall. 
Now since the double-acting steam hammer does not depend entirely upon 
the distance it has fallen for its effect of blow, nor upon its rise being 
counteracted by gravity to cause it to return, as it is met by the steam 
above the piston, the velocity of its working becomes a mere question of 
relative force and weight for whatever speed and effect of blow may be 
required. The above comparison shows that when the hammer is raised 
1 foot with a velocity sufficient to raise it 1 6  feet, but is forced back after 
it has risen 1 foot, the effect of the blow is just the same as if it had risen 
1 6  feet and fallen without any other power than gravity; but in point of 
number of blows in a given time the short range shows an advantage of 
31 to  1. As the actual case of a steam hammer diEers from the 
supposed case, in the moving force being continuous in raising the hammer, 
instead of merely a single impulse at the commencement of the stroke, though 
there will not be so much gain in number of strokes, the advantage is still 
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very important. If there were two similar hammers employed on the same 
work, one double-acting and the other single-acting, the former would be 
capable of striking so many more blows on the iron while it is hot as 
perhaps to finish the work at one heat, while the latter from its slow motion 
suffers the iron to cool before it dms much execution upon it, and 
consequently not only is there a waste of fuel and great loss of time 
hy the repeated heating of the iron, but the material also suffers by 
deterioration. 

The construction of the improved 25 cwt. steam hammer is shown in 
Figs. 1,2,  and 3, Plates 138 and 139. Fig. 1 is a front elevation of the 
hammer with the steam cylinder in section; Big. 2 is an enlarged vertical 
section of the steam cylinder and valve chest ; and Fig. 3 is a sectional plan. 
Figs. 1 and 2 show the steam cylinder A with the piston B. On the top 
of the cylinder is an inverted valve C, held up to its face by a slight 
spiral spring ; the object of this valve is to prevent a vacuum being formed 
in the upper end of the cylinder while the hammer is working single- 
acting or without steam above the piston. The piston B is made solid 
with the piston rod, which is of .large size, being 7 inches diameter,-and 
forms part of the weight of the hammer ; the piston rod descends through 
the stuffig box in the bottom cylinder cover into the hammer block D. 

The valve chest or chamber E, Figs. 2 and 3, is cast with the cylinder, 
and is of itself cylindrical, with passages or ports commnnicating with the 
cylinder near the top and bottom ends : opposite to the port at the bottom 
end there is a recess cored or bored out round the valve chest, and com- 
municating all round with the steam passage, as shown in Fig. 7 ; but at 
the top end the recess is bridged over on two sides, with passages behind the 
bridges, as shown in Figs. 5 and 6. The valve rod P has two collars 
upon it at the top end, and corresponding collars at the other end. The 
valve G at each end consists of a cylinder with internal flanges and slit 
longitudinally down the middle: the two halves are planed to a true 
surface, and afterwards held together while the exterior is turned to a good 
fit into the valve chest ; the internal flanges are then put in between the 
collars of the valve spindle F, the rod being made square between the 
collars at each end, and the internal flanges made to fit it. The bottom 
end of the valve rod E' descends through a stuffing box, and is keyed into 
a rod with two collars for the forked valve lever I3 to work it LIP and 
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down; while at the same time it may be turned partly round by means of 
the short lever I, the lower part of the rod being made square and working 
through a square eye in the lever I, which is connected with a hand lever 
worked by the attendant. The lower cylindrical valve G is perforated all 
round, as shown in Fig. 7 ; but the upper one only on ,two sides, as in 
Figs. 5 and 6; consequently, whilst the valve is being worked up and down, it 
can be turned partly round in the valve chest, so as to prevent any steam 
from entering the upper end of the cylinder, by the openings of the upper 
valve being thus made to  come opposite the two bridges across the port, 
as in Pigs. 4 and 5 ; or it can be so adjusted by the hand lever as to 
admit full steam equally above as below the piston, as in Figs. 2 and 6, or 
in any degree between these two extremes. The exhaust is at each end 
of the valve, which is to a very great extent in equilibrium, and has but 
little friction. The steam is admitted at the centre, the admission being 
re,gulated by a cylindrical throttle valve J, Figs. 3 and 11. 

The valve geailng for working the valve up and down is shown in Figs. 8 
and 9, Plate 140, which represent the two positions when the hammer is at 
the bottom and top of its stroke; Fig. 10  shows a plan of the gearing. 
KK are two weighshafts with right-angled levers LL upon each, and 
they are connected to each other by links My so that when one weighshaft 
is moved the other moves simultaneously with it. Upon the links M are 
sliding wedges N, and immediately behind the links are stationary bars 0 
fixed to the framing of the hammer, with sliding boxes P connected to the 
wedges N by links R of the same length as the levers L. The sliding 
boxes P are connected to the two hand levers S, and the attendant can 
instantly move them and thereby adjust the wedges N into any position 
upon their respective links. Upon the hammer block D are fixed two 
rollers T, one behind the other ; when the hammer block rises, the front 
roller acts upon the upper wedge N and pushes it aside, while at the same 
time the lower wedge is advanced by means of the right-angled levers L ; 
when the hammer block falls, the back roller acts in the same manner upon 
the lower wedge. The forked lever H for working the valve G is fixed 
on the upper weighshaft K. 

The lower sliding wedge N can be adjusted so that the valve shall be 
moved simultaneously with the blow given, and the steam admitted below 
the piston for the return stroke ; or it can be raised so that the roller 
shall come in contact with it before the blow i s  given, in which case the 
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steam is admitted before the blow is given and forms a cushion to check the 
momentum and soften the blow ; or the wedge can be raised still higher 
and the steam admitted so as to pick the hammer up again before it can 
reach the object it was intended to work upon. As the two wedges N 
can be instantly brought near to each other on any part of the links My. 
or as instantly separated to the greatest distance apart, so can the length 
of stroke be made very short near to the anvil or upon any thick object 
the hammer has to  work upon ; and when a heavy forging is upon the 
anvil, requiring from its great mass of material heavy blows to take 
sensible effect, although the stroke is short the required speed is given to 
the hammer by the steam upon the top of the piston, and the effect 
obtained is greater than with the longest range hammers hitherto brought 
into practice, on account of their being only single-acting. Not only is 
the blow very great but a great number of blows can be given in  a very 
short time ; the hammer can thus be worked very fast or very slow, or 
single blows can be given at any desired intervals of time, and regulated in 
effect to the greatest nicety. 

A small hammer on this principle has been designed for rivetting, and 
is expected by Mr. Naylor to prove of great advantage in the present extensive 
application of wrought iron plates in the construction of bridges and ships, 
where heavy thick plates and large rivets have to be used, requiring the 
rapidity of stroke of hand rivetting combined with a much greater force of 
blow than can be given by hand, in order to get the rivets hammered down 
while retaining s a c i e n t  heat to prevent the fibres of the iron becoming 
crystallized under the action of the hammers. I n  these cases such a great 
amount of power is required that the strength of men is unequal to the 
work ; and as this steam rivetting hammer can be made very light, the 
speed being merely a question of relative force and weight can be 
increased to any desired extent. One of these hammers will strike nearly 
as quick as two experienced men can with their light hammers ; and when 
the hole in the plate is well filled by hhe rivet under light blows, so as 
not to blur it up between the two plates, then blows can be given heavier 
than men could give with sledge hammers. In machine-rivetted boilers 
the rivets are driven into their place by the action of steam upon a piston, 
either direct or conveyed through a lever, the rivet being compressed by 
one ponderous crush ; but a direct-acting hammer, giving a number of very 
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quick blows followed by a few heavy ones to finish the rivet, has all the 
advantages of hand rivetting, whilst leaving the rivet hot and not crys- 
tallized by cold hammering. By using flexible steam pipes this rivetting 
hammer can be suspended to any object and worked in any position. 
For ship building the hammer can be suspended from a bar outside the 
vessel, and a heavy dolly from a bar inside, the latter being guided and 
held by a man; the hammer whilst working being kept up to the ship’s 
side by a pin and cotter through the hole preceding the one being filled by 
the rivet. The back part of the hammer is capable of having a rotatory 
motion given to it whilst hammering at  full speed, and consequently 
the head of the rivet can be met at any angle and laid into the countersunk 
hole in  the plate with greater accuracy than can be done by the most 
experienced workmen with hand rivetting hammers. 

The advantages of the double-acting steam hammer for forging are 
that it can not only be worked as a single-acting hammer at any time, but 
the power can also be more than doubled instantaneously and as rapidly 
removed ; the adjustable valve gearing also allows of instantly changing 
the length of stroke and force. of blow, by altering the position of 
the sliding wedges; and this hammer can perform a much greater 
quantity of work in a given time than any other hitherto in use. A 
great advantage is also derived from the valve being in equilibrium, 
requiring consequently much less force to  move it than the ordinary valve ; 
and the strain and wear upon the vdve gear is by this means reduced to a 
very small amount. The freedom of motion of the valve allows it to be 
opened and shut almost instantaneously, thereby affording a more free and 
rapid exhaust than can be obtained with the ordinary valve ; this is further 
aided by the form of the port, which extends all round the outer 
circumference of the valve. In the manufacture of iron under the hammer 
the masimum effect of blow must be sufficiently powerful to crush and 
flatten the entire mass of the bar from its outer surface to the centre; for 
unless the blow be sufficiently powerful to penetrate through to  the centre 
of the mass, the bar cannot be properly worked, &awn out, and elongated ; 
hence a great advantage experienced is that by admitting steam at the 
top of the piston the power of the hammer can be more than doubled, 
and the force applied will then be sufficiently powerful to obtain the 
necessary result. 
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In the construction of this hammer it must be borne in mind that the 
strength of the frame and foundations must be proportioned to the power 
obtained, and will therefore be required proportionately greater than in a 
single-acting hammer of the same size, since every part must be in proportion 
to  the maximum effective blow. 

The CHAIRMAN observed there could be no question as to the import- 
ance of the subject of the paper; amongst the numerous inventions of 
every description brought forward at the present day for meeting the 
increasing demands of work to be executed, probably none had proved 
more valuable than the steam hammer, or had been so extensively brought 
into use. There were still however many difficulties and prejudices to be 
overcome that limited its employment ; and any improvements increasing 
the range and convenience of its application formed important subjects for 
discussion. It was remarkable that whilst steam hammers had been 
largely introduced in other parts of the country, in Staffordshire their use 
was very limited at present ; and it was a question well worth enquiring 
into, what was the reason for this difference. Some of the points of 
objection would probably be met by the construction of the hammer now 
described, which might tend to a removal of the difficulties in the way of 
the more general adoption of the steam hammer. He enquired what was 
the largest sized hammer at  present constructed on that principle. 

Mr. MAEKIIAM replied that the 25 cwt. hammer described in the 
paper was the largest yet made on the plan; there were three other 
smaller hammers at work on the Eastern Counties Railway. The large 
one was an ordinary steam hammer that had been altered for trial, and the 
result had proved so satisfactoly that Mr. Eastwood was making a new 
one of the same weight, which wonld soon be completed. 

Mr. EASTWOOD said the steam hammer at his works had certainly 
answered very well ; it  obtained the greatest speed and hit to the greatest 
nicety of any steam hammer he had ever worked, as it was completely 
under control by the hand gear, which was easy to woik or hold in any 
position. The rapidity of stroke obtained by it was particularly 
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advantageous in the case of forgings requiring a great number of blows, 
by finishing the work at one heat, saving both the fuel required for the 
second heat, and the deterioration and waste of the iron. 

The CHAIRMAN asked whether the application of the principle to 
heavy hammers of 4 or 5 tons weight was considered advisable. 

Mr. EASTWOOD said from his experience he would recommend 
it more particularly for light than heavy hammers, as with a heavy 
hammer quick blows were not so much wanted, and sufficient force 
of blow was already obtained in such cases by the weight of the 
hammer alone. 

Mr. NAYLOB said the plan had not been tried yet for a heavier 
hammer than the 25 cwt. one; but he had arranged a hammer up to 
5 tons weight on the same principle, and expected the advantage of quicker 
blows obtained by it would prove an important gain in several kinds of 
work. H e  had also made a modification in the construction, whereby the 
jar caused in the cylinder by the side shake of the piston when the blow 
was struck was prevented, by prolonging the piston rod above the 
piston to work in a blank pipe at the top of the cylinder. I n  conse- 
quence of the slide valve being so nearly in equilibrium, a very slight 
force was sufficient to work it, and the catches to hold the levers were not 
needed in practice, the handles being easily held in any position and ready 
for instantaneously changing the force and rapidity of blow. The 
valve being put together in two halves between collars on the valve rod 
was securely fixed, so that without actual breakage of the rod it could not 
become disconnected. By the turning of the valve partly round, the 
hammer was worked either double-acting or single-acting, according as the 
steam was admitted to the top of the piston or excluded from it; the 
valve was readily turned round whilst working, as the squared part of the 
rod passed freely through the eye of the turning lever, allowing the steam 
to be instantly turned on to the top of the piston to any desired extent ; 
and the sudden action of the high pressure steam gave an impulse to the 
hammer something like the action in a steam gun. 

H e  thought a great advantage would arise from the application of this 
plan of steam hammer to rivetting heavy work, as the rivets now used 
were necessarily small in proportion in order to allow of rivetting by 
hand ; an ordinary 4 inch plate was iivetted with Q inch rivets, but in the 
case of 1; inch bars or slabs only 1 inch rivets could be used at present, 
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instead of being increased in propoi-tion to the thickness of the work. 
The increased requirements of the present. time in wrought iron work 
called for such heavy rivetting that steam power seemed to be needed to 
meet the case. 

The CHAIEMAN asked what was the greatest speed at which the hammer 
had been worked. 

Mr. NAYLOR replied that from 240 to 250 blows per minute had been 
obtained with the smaller hammers at the Eastern Counties Railway Works 
at Norwich, weighing 9 cwt. ; and the men found it advantageous to work 
the hammer at the high speed, from the increased facility and convenience 
given in the work. The range of power of the hammer was much increased 
by its being double-acting, and this gave a great advantage in forging, for 
after getting the iron welded up into the required solid state by light and 
quick blows, it could be followed up instantly with heavier blows to shape 
the work while the iron was hot and often finish it at one heat. 
By means of the lower of the two projecting wedges, which was 
struck by the hammer block in its descent, the steam could be admitted to 
the underside of the piston at the moment of the blow, or a little before, 
and the hammer was by that means picked up instantly after the blow, 
preventing the shake or jar on the anvil and framework which was caused 
in ordinary hammers from the hammer resting on the work after the blow, 
the steam not being admitted till after the blow was struck with the 
ordinary valve gear. 

The CHAIRMAN thought the hammer was well deserving of notice, and 
was glad it had been brought before the meeting. He proposed a vote of 
thanks to Mr. Markham and Mr. Naylor, which was passed. 

The following Paper, by Mr. James Kitson, of Leeds, was then read :- 
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